Among the registered extremely high energy cosmic rays (EHECR, E > 10 20 eV) an event with the highest to date energy of E = 3.2 · 10 20 eV was detected by the Fly's Eye experiment (FE event) in 1991. With the use of the back-tracking method for the calculation of the EHECR trajectories in Galactic and extragalactic magnetic elds, we show that the galaxies UGC 03574 and UGC 03394 are the most promising candidates among the nearby extragalactic sources for the cases of iron and C-N-O group primary nucleus respectively. The most likely accelerating mechanisms are the newly-born millisecond pulsars, magnetar ares and tidal disruption events in these galaxies.
introduction
The extremely high-energy cosmic rays (EHECR) with the energy E > 10 20 eV are extremely rare phenomena in the observed CR ux: till now two largest modern detectors registered only six (Pierre Auger Observatory (PAO, AUGER)) and ten (Telescope Array (TA)) such events [1, 2] . Potential sources of EHECR are considered to be among the active galactic nuclei (AGN, especially blazars), cosmological gamma-ray bursts, tidal disruptions of stars in the neighbourhood of the supermassive black holes, newly-born millisecond pulsars and magnetar ares [21] . From the rst three classes of objects we expect a certain ux of light nuclei protons and helium (charge Z = 1, 2), whereas from the neutron stars with an iron crust we can also expect iron nuclei (Z = 26) and their decay products, including the C-N-O group (Z = 6 − 8). The observed nearly isotropic ux of UHECR with E > 10 18 eV suggests a signicant deviation of UHECR in the Galactic and intergalactic magnetic elds [1, 2] . Therefore we should consider predominantly the EHECR events with the minimal magnetic deection when searching for the correlation of their arrival directions with the positions of potential sources. Furthermore, the sources of EHECR should be close enough to the Earth due to the GZK cut-o: the GZK horizon for EHECR protons is smaller than 40 Mpc [12] . Similar restrictions exist for the propagation length of the nuclei due to photodisintegration [6] . The most suitable CR event in this respect is the event with the highest detected energy. This event was registered by theFly's Eye (FE) experiment in 1991 with the following parameters: E = (3.2 ± 0.9) · 10 20 eV,
• (the galactic coordinates are centred at l = 163.4 • and b = 9.6 • ) and the shower maximum X max = 815 g/cm 2 [10] . Unfortunately, the nature of the original particle could not be established, as the observed shower properties can be accommodated with both the proton (QGSJETII-03 shower model in the TA collaboration) and an iron nuclei (EPOS-LHC shower model in the PAO collaboration) [4] .
Already in 1995 in [16] it was shown that the FE event posses a serious problem: interaction of a CR particle with the cosmic background radiation restricts its mean free path to less than 50 Mpc (a nucleus with the FE-event energy can not reach the Earth from the distances beyond 10 Mpc [17] , the mean free paths of similar energy protons (against photomeson losses) and photons (against electronpositron pair production) are less than 30 Mpc [23] ), while the potential astrophysical sources in the sky region around the CR arrival direction are at considerably larger distances (see also [5, 8] ). These diculties with the astrophysical sources stimulated the development of particle physics (especially beyond the Standard Model) theories of the FE event, namely, EHECR from topological defects, from super heavy dark matter decay etc. [9] . The peculiarity of the decaying top-down models is a photondominated ux [7] , however, according to the recent PAO results on the integral ux upper limit of the ultra high-energy photons [11] , the top-down models of UHECR are strongly disfavoured.
In this work we search for the astrophysical sources of EHECR inside the FE event horizon of 30 40 Mpc (corresponding to the redshift of z < 0.01), taking into account the favoured transient sources of EHECR in the normal galaxies (newly-born millisecond pulsars, magnetar ares, tidal disruption events) [21] and the recent models of the Galactic magnetic eld [19, 20] to recover the trajectory of the FE cosmic ray and determine the Galactic and extragalactic objects that could be the sources of the FE event.
propagation in the galactic and extragalactic magnetic fields On their way from the source to the Earth EHECRs are deected in the Galactic and extragalactic magnetic elds. Galactic magnetic eld can be presented as a sum of regular and random components [14, 19, 20] . Regular magnetic eld consists of a spiral disk eld with a structure that corresponds to the structure of spiral arms, a toroidal eld of the Galactic halo and the X-eld the axisymmetric poloidal eld directed from the southern to the northern hemisphere of the Galaxy [20] . The trajectory of a cosmic ray with the energy E and charge q = eZ in a magnetic eld B is described by the equation of motion for the radius vector r and velocity v (for the EHECR Lorentz factor γ ≫ 1 and |v| ≈ c, neglecting the energy losses only the direction of the velocity vector is changing):
A reconstruction of the cosmic ray trajectory can be achieved via the method of inverse trajectories: we launch a cosmic ray with the detected energy E, but with the inverse charge −q, towards the arrival direction of the EHECR from the position of the observer in the Galaxy (here we take the solar system coordinates x = −8.5 kpc, y = 0.0 kpc, z = 0.02 kpc with respect to the Galactic centre). The calculated in this way trajectory recreates the trajectory of the detected UHECR. Now let us consider the role of the random components of the Galactic and extragalactic magnetic elds. The extragalactic magnetic eld is usually simulated in form of cells with the typical size (coherence length) of l B = 0.1..1 Mpc and a random distribution of the magnetic eld amplitude B rms = 10 −12 ..10 −9 G [14, 24] . EHECR with energy E from an extragalactic source at a distance D in this eld is deected at the angle θ rms :
For the FE event θ rms ∼ 0.14 • · Z, and even for the iron nucleus (Z = 26) deviation is less than 4 • .
For the random component of the Galactic magnetic eld with an amplitude B rms ∼ 10 −6 G and coherence length l = 100 pc the trajectory deviation at the distance d is equal to
and even in the case of the iron nuclei does not exceed 25 degrees, depending on the amplitude of the magnetic eld.
To summarise, the combined eect of the random Galactic and extragalactic magnetic elds can be described as a spreading with respect to the direction to the source by up to 6 • (see also [1, 2, 14, 19, 20] ).
The results of the FE event trajectory reconstruction in the regular Galactic magnetic eld are presented in Fig. 1 and 2 . Fig. 1 shows the recovered position of a potential nearby (< 30 Mpc) extragalactic parent source of the FE event on the sky map. The calculations made for proton (Z = 1) and iron nuclei (Z = 26) showed that the regular Galactic magnetic eld in the FE event arrival direction (which corresponds nearly to the Galactic anticentre) decreases mainly over the Galactic latitude (bcoordinate), which results in deection at an angle of 0.35 • · Z mainly due to the deection in regular magnetic elds of the spiral arms (Fig. 2) . The resulting angular bias for a proton 0.35 • is still within the error of the initially determined position and therefore is not presented in Fig. 1 . For the C-N-O group particles the bias is approximately 23 degrees. The corresponding bias for iron is presented for two values of the CR energy: the measured (9 • ) and reduced by 1σ (11 • ).
search for the potential sources
The FE event is far enough from the Galactic plane and within the 5 • -circle around its position (the expected deviation of EHECR in random Galactic and extragalactic magnetic elds discussed above) there are no Galactic sources which might be responsible for its origin [18] . Moreover, even in the case of the extragalactic sources the nearest potential standard (blazar) sources of EHECR are much farther [18, 21] .
In Table 1 we show a detailed list of the potential extragalactic sources of the FE event at the distances up to 30 Mpc, that are no more than 8 • from the reconstructed extragalactic position of the event. There are only nine of such galaxies and all of them are not active. Their characteristics (name, type, size (diameter), galactic coordinates l and b, separation from calculated source position (l = 165.5 • , b = 18.6 • ), redshift and distance) are presented in the columns 29 of Table 1 . For an iron nucleus as the UHECR particle, the main source candidate is the galaxy UGC 03574 because of its practical coincidence with the corresponding error box (within the discussed above error in 5 overlapping with the corresponding error box (extended by the discussed above 6 • spreading in random magnetic elds, Fig. 1) , its large size compared to the other candidates and therefore a larger number of potential UHECR sources (e.g. young pulsars, magnetars, tidal disruption events). For a nucleus from the C-N-O-group (Z = 6 − 8) the magnetic deviation error box is of order of 0.35 • · Z ∼ 2.5 • and the best candidate is the galaxy UGC 03394. It is of smaller size in comparison with UGC 03574, but its advantage is that the C-N-O-nucleus as the UHECR particle is in accordance with the recent data about the CR composition at the highest energies [3, 4, 25] . The position of these and some other galaxies from Table 1 are also shown in Fig. 1 .
discussion and conclusions
In the reconstructed FE event area there are no suitable galactic candidates and, moreover, there are no nearby AGNs either [18] . Therefore we have performed a search among the ordinary galaxies, in which millisecond pulsars and magnetars together with the tidal disruption of stars in the gravitational elds of the central supermassive black holes are the viable sources of EHECR. The supernovae in these galaxies can give birth to millisecond pulsars or magnetars the neutron stars with enormous magnetic elds of the order of 10 15 G, which appear as anomalous X-ray pulsars (AXPs) or soft gamma repeaters (SGRs) [13, 15, 21] . Activity of compact objects in our Galaxy provides evidences in favour of this assumption [22] . The main potential sources of the FE event are the galaxy UGC 03574 (in case of Fe nucleus) and the galaxy UGC 03394 (in case of C-N-O nuclei).
The important point for the interpretation of observations is the expected transient nature of the EHECR acceleration in potential sources,as the acceleration occurs during their aring activity. It may be realised in a form of an explosive activity of compact stars (like the increase of power of relativistic jets or the release of magnetised plasmoids in microquasars, magnetar magnetospheric ares, strong wind activity of newly-born millisecond pulsars) or via the formation of short-lived relativistic jets as a result of the tidal disruption of stars in the gravitational eld of a black hole [21] . Such sources of activity must be accompanied by the ares of radiation in dierent bands of the electromagnetic spectrum (though one should take into account a time delay between the EHECR and photon arrival due to the non-straight-line trajectory in the magnetic eld, which in our case is tens to hundreds of years). It is therefore important to have the multi-wavelength observations of the potential candidates for additional verication of the source activities over the right period of time.
Small statistics of the detected UHECRs, imperfection of the existing Galactic and extragalactic magnetic eld models, local inhomogeneity of the extragalactic magnetic eld distribution in the vicinity of the our Galaxy impede the search for Galactic and extragalactic sources of the UHECR. Nevertheless, the use of the data on CR of the highest detected energy to search for the CR sources is the most promising approach since EHECR experience the smallest deviations in magnetic elds. Furthermore, the EHECR sources must be situated close enough (up to 5070 Mpc) and their transient acceleration process should be accompanied with the bright enough electromagnetic radiation. Thereby the improving statistics of EHECR, especially with the commissioning in near future of the orbital UHECR detector JEM-EUSO, gives hope for the solution of the puzzle of the UHECR sources.
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